The stability and integrity of mRNAs encoding neurotransmitter receptors and voltage-activated channels in the postmortem rat brain was investigated by isolating poly(A)+ mRNA, injecting it into Xenopus oocytes, and then examining the expression of functional neurotransmitter receptors and voltage-activated channels in the oocyte membrane by electrophysiological recording. This approach was also used to assess the stability of mRNAs in brains that were incubated in oxygenated mammalian Ringer's solution for various lengths of time and from brains that were freshly frozen and then thawed at room temperature. Oocytes injected with mRNA from up to 21-hr postmortem brains gave large agonist-and voltage-activated responses, indicating that mRNAs encoding neurotransmitter receptors and voltage-activated channels are relatively stable in postmortem brain tissue. In contrast, oocytes injected with mRNA from brains incubated in Ringer's solution exhibited smaller responses, and oocytes injected with mRNA from tissue that was frozen and then thawed displayed very small or undetectable responses. Northern blot analysis using a nucleic acid probe for rat brain Nat-channel mRNA indicated that the size of the Na' currents in injected oocytes reflected the levels of mRNA for Na' channels in the different mRNA preparations. Thus, the expressional potency of mRNAs encoding neurotransmitter receptors and voltageactivated channels is quite stable in postmortem brains in situ, but it is reduced if the brains are kept in oxygenated saline, and freezing and thawing of tissue results in rapid degeneration of mRNA.
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Isolation of undegraded mRNA is essential for many molecular biological studies of the brain. mRNA, however, is quite labile and is rapidly degraded by RNases that are found throughout the brain (1) (2) (3) . It is important, therefore, to determine the conditions that affect the integrity of mRNA. For example, it is desirable to know how rapidly mRNAs encoding neurotransmitter receptors and voltage-activated channels degrade in the postmortem brain. This is particularly relevant if one is interested in isolating these mRNAs from brain regions obtained after time-consuming dissections or from human brain tissue, which usually cannot be obtained until several hours postmortem and which may exhibit increased RNase activity in some conditions such as Alzheimer disease (4) . The stability ofmRNA in postmortem mouse, rat, pig, and human brain has been investigated by in vitro translation systems (5) (6) (7) (8) (9) (10) and by Northern blot analysis (9) , and these studies indicate that brain mRNA is quite stable up to 48 hr postmortem. However, Northern blots may be insensitive to small structural changes in mRNAs that render them translationally inactive, and in vitro translation assays do not reflect well changes in the translational activity of low-abundance mRNA species. Moreover, these two methods do not reveal whether the mRNAs are capable of being translated into functional receptors or channels.
Xenopus oocytes, injected with brain mRNA, express many types of functional neurotransmitter receptors and voltage-activated channels, due to translation of the exogenous brain mRNA by the oocytes' own protein synthetic machinery (11) . These foreign proteins can be studied by powerful electrophysiological techniques. Furthermore, it has been shown that the amplitudes of the induced agonistand voltage-activated membrane currents recorded in mRNA-injected oocytes are proportional to the amounts of mRNA injected over a wide range of mRNA concentrations (12, 13) . Thus, Xenopus oocytes can be used as an electrophysiological assay system for measuring the relative levels of mRNA encoding neurotransmitter receptors and voltageactivated channels in different mRNA preparations. Unlike Northern blots, the oocyte system does not require specific nucleic acid probes, and it is relatively easy to screen oocytes for the expression of many types of agonist-and voltageactivated responses. A further advantage of oocytes is their large capability for synthesizing proteins from foreign mRNA, which, combined with the high sensitivity of electrophysiological recording, enables the detection of small changes in the translational activity of the low-abundance mRNAs encoding neurotransmitter receptors and voltageactivated channels.
In this study, we used the oocyte system to investigate the stability of mRNAs encoding neurotransmitter receptors and voltage-activated channels in rat brains at various times postmortem. We also examined the stability of these mRNAs in brains that were incubated in oxygenated mammalian Ringer's solution for various lengths oftime and in brains that were frozen and then allowed to thaw at room temperature.
In addition, we compared the results of our electrophysiological assay with Northern blot analysis by using a probe for Na'-channel mRNA.
EXPERIMENTAL PROCEDURES Isolation of mRNA. Adult male Sprague-Dawley rats were killed by a 1-ml intraperitoneal injection of Nembutal (pentobarbital; 50 mg/ml). In some animals, the forebrains (i.e., the whole brain minus brainstem and cerebellum) were removed and either frozen immediately or incubated at room temperature (220C-250C) in mammalian Ringer's solution (114 mM NaCl/25 mM NaHCO3/1.0 mM NaHPO4/2.0 mM CaCl2/4.5 mM KCl/1.0 mM MgSO4/11 mM glucose, pH 7.4) bubbled with 95% 02/5% CO2 for 4, 12, or 21 hr and then frozen. Other rats were killed with pentobarbital and then left at room temperature for 4, 12, or 21 hr before the forebrains were removed and frozen.
The procedure for isolation of mRNA has been described (14, 15 (17) were elicited by stepping the membrane potential from -100 mV to 0 mV for 3.0 or 5.5 s. Northern Blots. For Northern blots, 6-pg mRNA samples were electrophoresed through a 1% agarose/1.9%o formaldehyde gel by the procedure described by Fourney et al. (18) . The mRNA was then transferred onto a GeneScreenPlus nylon membrane (New England Nuclear) and covalently cross-linked to the membrane by UV illumination. The blots were hybridized with a 32P-labeled DNA probe made from a partial cIDNA clone for the a subunit of the type II rat brain Na+ channel, which was previously isolated in our laboratory (D. Patton, K. Sumikawa, and R.M., unpublished data). (14) . . . , ined. The expression of Ca2l channels was assessed indirectly by measuring the transient outward (Tout) currents elicited by activation of the Ca2"-dependent Cl-channels present in the oocyte membrane (17, 24, 25) . Oocytes often exhibit native Tout currents (17, 26) , but they are usually small, and virtually no Tout currents were seen in noninjected control oocytes from the donor used for these recordings.
Occasionally, oocytes also have native Na' channels (27) but, again, these were undetectable in the control oocytes used in this series of experiments.
The Na' and Tout currents observed in this study were similar to those that have already been described (24, 28) (Fig. 3 ). They were largest in oocytes injected with PMO and PM4 mRNA; intermediate in oocytes injected with PM12, PM21, R4, R12, and R21 mRNA; and very small in oocytes injected with F/T mRNA (Fig. 4) . Thus, the pattern of Na+ and Ca2+ currents was similar to that seen for agonistactivated responses. Northern Blot Analysis. The fact that the various agonistand voltage-activated responses in oocytes injected with the diverse mRNAs followed roughly the same pattern already suggested that levels of expression in the oocytes gave a good indication of the amounts of specific mRNAs present in the original tissue. However, we felt that it was also important, for comparison, to make an independent test of the integrity of mRNAs in the different preparations by Northern blot analysis. For this study, we used a probe from a partial clone of the a subunit of the rat brain type II Na' channel (Fig. SA) .
Densitometric scanning of three separate autoradiograms showed that the degree of hybridization of the probe to the different mRNA preparations was proportional to the mean Na+ currents seen in mRNA-injected oocytes (Fig. 5B) The responses in injected oocytes suggest that the mRNA encoding kainate receptors was the most stable. Thus, the mean kainate response in oocytes injected with PM21 mRNA was 97% of the mean response in oocytes injected with PMO mRNA. Conversely, glycine responses were only 22% as large in PM21 oocytes as in PM0 oocytes, suggesting that mRNA for this receptor may be especially labile. It is interesting that there was no correlation between the size of a particular mRNA species and its stability. For example, the mRNAs encoding Na' channels [-9.0 kilobases (kb)] (29), 5HT receptors (-5.2 kb for the 5HT1c subtype) (13) , and glycine receptors (-2.0 kb in the adult rat brain) (30, 31) displayed roughly equal stability in PM rat brain.,
The yields oftotal RNA and mRNA that we obtained by the phenol/chloroform extraction procedure were similar to results from other studies with various other isolation procedures (5, 6, 9, 10). The yields oftotal RNA showed no obvious pattern for the different preparations; however, the yields of mRNA were progressively less at longer postmortem intervals. Since mRNA constituted only =5% of the total RNA, the remainder being mostly rRNA, these results may indicate that rRNA is more stable than mRNA in postmortem tissue. Alternatively, the poly(A)+ tail of the mRNA may have degraded so that it no longer bound to the oligo(dT).
Overall, there was a rough correlation between the mRNA yields of the different preparations and their activity in the oocyte system. The F/T preparation was the exception, since the mRNA yield was relatively high while the activity in oocytes was very low. The Northern blot results suggest that the low expressional potency of the F/T preparation was due to the almost complete degradation of the mRNA. This may have resulted from the breaking of the cells and the liberation of nucleases from lysosomes that were disrupted by the F/T process (32, 33) or from F/T-induced nicking of the mRNA (34) . The explanation for the relatively high yield of the F/T preparation is, at present, not clear. It may have resulted from contamination by DNA or rRNA, or from selective degradation of a subset of mRNAs, which included those encoding neurotransmitter receptors and voltage-activated channels.
Isolation of biologically active mRNA from human brain samples obtained at autopsy is important for molecular biological studies of the normal and pathological human brain. Typically, the body is kept at -4°C for many hours or even days before autopsy. The results of this study suggest that even these long PM intervals should not drastically affect mRNA integrity. However, mRNA isolated from PM human brain consistently displays low activity in oocytes (ref. 35 ; C. Gundersen, D.R., and R.M., unpublished data), and in in vitro translation systems (5-7, 9, 10). The explanation for this low activity is not clear. One obvious possibility is that mRNA degrades more rapidly in PM human brain than in PM rat brain. Alternatively, the human brain may simply have lower levels of mRNA for neurotransmitter receptors and voltage-activated channels than rat brain. It will be important to understand why the mRNA from PM human brain has such low activity compared to mRNA from PM rat brain, so that the optimal conditions for isolating active mRNA from human brain samples can be determined.
